The objective was to determine the growth responses of Black Neck ostrich chicks to different dietary levels of L-carnitine in pre-starter diets. Thirty-two day-old ostrich chicks were randomly divided into four treatments with four replicates, each containing two chicks. All birds received the same basal diet supplemented with 0 (T0, control), 125 (T125), 250 (T250) or 600 (T600) mg L-carnitine per kg. Responses were monitored over three growth phases, 0 -15, 16 -30 and 31 -60 days, the total period being 60 days. T600 had the lowest live weight (LW) and live weight gain (LWG) over the 60-day treatment period. Live weight and LWG values of T125 and T250 did not differ from those of T0. T600 had the worst feed conversion ratio (FCR) during the different stages (0 -15, 16 -30 and 31 -60 days) and over the total 60-day period. Feed intake (FI) was reduced significantly in the T125 and T600 treatments compared to T0 and T250 treatments over the total period. The treatment, T125, showed the lowest FI and FCR responses over the total period, whereas there was no difference between T0 and T250. The results suggest that supplementing the pre-starter diet with 125 mg/kg of L-carnitine can improve the performance of ostrich chicks by decreasing the FCR. In contrast, the suppressive effect of a high inclusion level (T600) might indicate that ostrich chicks are sensitive to a high level of inclusion that could cause adverse effects.
in laying hens (Deng et al., 2006) , in ducks (Arslan et al., 2003) or in Japanese quails (Coturnix coturnix) (Arslan et al., 2004; Sarica et al., 2005; by the inclusion of dietary L-carnitine. Golzar Adabi et al. (2011) concluded that inclusion levels between 50 and 200 mg L-carnitine/kg feed could be added to the diets of broilers and laying hens with positive results on growth performance. No literature is available on the effect of the inclusion of dietary L-carnitine during the pre-starter period on growth performance of ostrich chicks. The hypothesis tested in this trial is whether dietary supplemented L-carnitine has beneficial effects on the performance of ostrich chicks.
A total of 32 healthy day-old, mixed-sex Black Neck ostrich chicks were obtained from a commercial production unit (Buffelskom Boerdery farm, Gondwana Co. Pty Ltd, Limpopo Province, South Africa). The birds were kept in a closed house under uniform management and environmental conditions from 22 Nov. 2010 to 22 Jan. 2011, the summer period in South Africa. The birds were randomly assigned to each of 16 floor pens (per cage 7 m × 2 m) with four treatment groups of four replicates each. Each pen was equipped with a drinker and feeder and the birds had ad libitum access to feed in mash form and water during the experiment. The chicks were vaccinated against NCD at 30 days of age. The diet was compiled from literature sources, using the following references as a guide: ; Cilliers et al. (1997) ; Deeming (1999) and Cilliers (2004) . The diets were isoenergetic and isonitrogenous in a pre-starter phase (0 -60 days). The composition of the diets is shown in Table 1 , and was analysed for crude protein, crude fibre, calcium and phosphorus (AOAC, 2005) . The four treatments were a non-supplemented basal diet that served as the control (T0); the basal diet supplemented with 125 mg/kg of L-carnitine (T125); the basal diet supplemented with 250 mg/kg of L-carnitine (T250) and the basal diet supplemented with 600 mg/kg of L-carnitine (T600). The supplementary L-carnitine was supplied as a white powder with 20% purity (Lohmann Co., Cuxhaven, Germany).
Performance parameters recorded were live weight (LW), LWG; FI and feed conversion ratio (FCR) over the periods, 0 -15, 16 -30 and 31 -60 days. The FCR was calculated as the amount of feed consumed per unit of live weight gain. The statistical design was a completely randomized design with four treatments and four replicates. The data analysis was by the General Linear Model Procedure (SAS, 1990) , and the test of significant differences was according to the Tukey HSD test. The trial conformed to the requirements of the Animal Use and Care Committee of the University of Pretoria, reference number EC030-10.
The results of the L-carnitine dietary supplementation treatments on the performance of the ostrich chicks are shown in Table 2 . L-carnitine had no effect on LW at Days 15 and 30, but T600 reduced LW (P <0.01) at Day 60 by 40%, 35% and 42% compared to the T0, T125 and T250 treatments, respectively. Moreover, the highest level of L-carnitine (T600) caused a decrease (P <0.01) in final LWG. LWG values for T125 and T250 were not different (P >0.05) from T0. Although FI increased (P <0.01) by inclusion of 600 mg/kg L-carnitine in the diet during the 0 -15 day period, it decreased (P <0.01) over the total period of the experiment. Over the total study period FI was reduced (P <0.01) in the T125 and T600 compared to the T0 and T250 treatments. Likewise, the results showed that there were no differences in FI between dietary treatments during the 16 -30 and 31 -60 day periods. The FCR was affected by dietary supplementation of L-carnitine during the different periods (0 -15, 16 -30, 31 -60) as well as the total period of the experiment. Feed conversion ratio was negatively affected (P <0.01) by the addition of 600 mg L-carnitine/kg when compare to the T0, T125 and T250 treatments by increasing FCR with 31%, 62% and 41%, respectively. In contrast, the best FCR was obtained in the group fed by dietary inclusion of 125 mg/kg L-carnitine during different stages and over the total period of the study. However, this treatment had the lowest FI compared to T0 and T250 during the total period, but LW and LWG were not different (P >0.05). It has been reported that the supplementation of dietary L-carnitine at 0, 50 or 100 mg/kg diet did not influence LW of broiler chickens fed low-fat or high-fat diets (Barker & Sell, 1994) . Lien & Horng (2001) demonstrated that feeding broilers a 160 mg/kg of L-carnitine dietary supplement had no effect on the growth performance. Xu et al. (2003) fed male broiler chicks with 0, 25, 50, 75 or 100 mg/kg L-carnitine and reported that L-carnitine supplementation had no effect on LWG and FCR. Deng et al. (2006) found no differences in growth rates, FI and/or FCR among the dietary treatments throughout the feeding of ISABrown cockerels with 0, 500 and 1000 mg/kg L-carnitine supplemented from day-old to 4 weeks of age. In addition, they did not report any toxicity sign by inclusion of high levels of L-carnitine.
The results of some studies suggested that L-carnitine supplementation had no effect on FI (Barker & Sell, 1994; Leibetseder, 1995; Rabie & Szilagyi, 1998; Lien & Horng, 2001; Xu et al., 2003; Corduk et al., 2007) . Contrary to these results, some studies suggested that supplementing of L-carnitine could improve growth performance in broiler chickens and laying hens (Lettner et al., 1992; Rabie & Szilagyi, 1998; Rodehutscord et al., 2002; Kita et al., 2002; Nouboukpo et al., 2010; Cevik & Ceylan, 2005) . Rabie & Szilagyi (1998) reported that supplementation with 50 mg/kg of L-carnitine caused the improvement of LWG and FCR in birds, especially from 18 to 32 days of age. They concluded that the improvement of growth performance during this period in response to dietary L-carnitine might imply that the requirement of broiler chickens for L-carnitine is higher during a period of rapid growth.
Ostrich chicks showed a very rapid growth during the pre-starter period in that LW changed from approximately 900 g at day-old to 1200 g at 60 days of age (Deeming, 1999) . In the present study, birds fed on diets T0, T125 and T250 had the same LW and LWG, although final LW and LWG were lower (P <0.01) at the highest inclusion level (T600) in the diet.
There are many conflicting reports on the response of different avian species to supplementary dietary L-carnitine (Golzar Adabi et al., 2011) . These inconsistencies between studies could be related to differences in levels of L-carnitine supplementation, L-carnitine level of basal diet, nutritional and physiological status of the animal and the nutrient composition of their diets (such as dietary lipid and protein intake, supply or absence of essential amino acids). Additional factors are the possible effects of enzymatic breakdown of branched-chain amino acids, sparing effects of L-carnitine and its considerable precursors (lysine and methionine), interspecies differences, differences in ingredients and metabolisable energy levels, age, sex, feeding programme and managerial or environmental conditions of animals (Sarica et al., 2007; Golzar Adabi et al., 2011) . There are hypotheses regarding the actions of L-carnitine in the improvement of the growth performance that could be epitomized. The improvements in broilers performance observed in some investigations due to added dietary L-carnitine may be attributable to an improved utilization of dietary nitrogen, reached through more effective fat oxidation by L-carnitine. Growth improvements due to addition of L-carnitine may be partly associated with its amino acid-sparing role in addition to its function in fatty acid metabolism. Functionally, an exogenous supplementation of L-carnitine could reduce the need for biosynthesis of L-carnitine from methionine, thus sparing methionine for other biological activities (Golzar Adabi et al., 2011) .
In conclusion, the results of the current investigation showed that increasing the L-carnitine content of the diets to 600 mg/kg was accompanied by unfavourable changes in the performance of ostrich chicks, including a significant increase in FCR and lower body weight gain. This may indicate that ostrich chicks are sensitive to a high inclusion levels that could cause adverse effects by disrupting physiological processes and suppressing feed efficiency and growth performance. The inclusion of 125 mg/kg of L-carnitine in the pre-starter diets of black neck ostriches improved the performance of the birds by decreasing the FCR. There are a number of publications on the influence of L-carnitine in different avian species. Yet, it appears that the current investigation is the first to report the effect of L-carnitine on ostrich growth performance during the pre-starter period. According to the results of this investigation, further research is necessary to study the negative impact of L-carnitine at high dietary levels.
